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AMENDMENTS TO THE CLAIMS: 

1. (Canceled). 

2. (Currently Amended) An audio processor, comprising: 

a virtualizer operable to process audio information to virtualize at least one speaker so 
that, from a listener's perspective, sounds appear to come from at least one direction where a 
physical speaker is not present: and 

a controller operable to configure the virtualizer. wherein the virtualizer can be 
configured to virtualize the at least one speaker at any location in a space around the listener, 
and The audio proc e ssor of Clana -lr wherein the virtualizer comprises: 

a filter operable to filter input signals comprising the audio information; 

a forward crossover path operable to receive, delay, and filter an output of the filter; 

a first combiner operable to produce first output signals for a first physical speaker using 
the output of the filter; 

a second combiner operable to produce second output signals for a second physical 
speaker using an output of the forward crossover path; 

a first feedback crossover path operable to receive, delay, and filter the first output 
signals, the second combiner further operable to produce the second output signals using an 
output of the first feedback crossover path: and 
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a second feedback crossover path operable to receive, delay, and filter the second output 
signals, the first combiner further operable to produce the first output signals using an output 
of the second feedback crossover path. 

3. (Currently Amended) An audio processor, comprising: 

a virtualizer operable to process audio information to virtualize at least one speaker so 
that, from a listener's perspective, sounds appear to come from at least one direction where a 
physical speaker is not present: and 

a controller operable to configure the virtualizer. wherein the virtualizer can be 
configured to virtualize the at least one speaker at any location in a space around the listener, 
and The audio processor of Claim-k wherein the virtualizer comprises: 

a plurality of filters operable to filter a plurality 7 of input signals, the input signals 
comprising at least a portion of the audio information; 

a plurality of forward crossover paths each operable to receive, delay, and filter an output 
from one of the filters: 

one or more first combiners operable to produce first output signals for a first physical 
speaker using an output from at least one of the forward crossover paths and the output from 
at least one of the filters; 

one or more second combiners operable to produce second output signals for a second 
physical speaker using an output from at least one other of the forward crossover paths and 
the output from at least one other of the filters; 
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a first feedback crossover path operable to receive/ delay, and filter the first output 
signals, the one or more second combiners further operable to produce the second output 
signals using an output from the first feedback crossover path; and 

a second feedback crossover path operable to receive, delay, and filter the second output 
signals, the one or more first combiners farther operable to produce the first output signals 
using an output from the second feedback crossover path. 

4. (Previously Presented) The audio processor of Claim 3 5 wherein: 

the one or more first combiners are further operable to produce the first output signals 
using first unfiltered input signals; and 

the one or more second combiners are further operable to produce the second output 
signals using second unfiltered input signals. 

5. (Previously Presented) The audio processor of Claim 4. further comprising an 
attenuator operable to attenuate third unfiltered input signals; 

wherein the one or more first combiners are further operable to produce the first output 
signals using the attenuated third input signals: and 

wherein the one or more second combiners are further operable to produce the second 
output signals using the attenuated third input signals. 
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6. (Previously Presented) The audio processor of Claim 3, further comprising a 
plurality of additional filters each operable to filter one of first second and third additional 
input signals; 

wherein the one or more first combiners are further operable to produce the first output 
signals using the filtered first additional input signals and the filtered third additional input 
signals; and 

wherein the one or more second combiners are further operable to produce the second 
output signals using the filtered second additional input signals and the filtered third 
additional input signals. 
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7. (Currently Amended) An audio processor, comprising: 

a virtualizer operable to process audio information to virtualize at least one speaker so 
that, from a listener's perspective, sounds appear to come from at least one direction where a 
physical speaker is not present: 

a controller operable to configure the virtualizer. wherein the virtualizer can be 
configured to virtualize the at least one speaker at any location in a space around the listener: 
and The audio proc e ssor of Claim L wherein: 

the virtualizer comprises at least one first filter, one or more forward crossover paths each 
comprising a first delay line and a second filter, and two feedback crossover paths each 
comprising a second delay line and a third filter; and 

the controller is operable to configure the virtualizer by altering a frequency response of 
one or more of the filters and a delay of one or more of the delay lines. 



ATTORNEY DOCKET NO. 03-SIN-092 (STMIO 1-03092) 

U.S. Serial No. 10/656,453 
Patent 



8. (Currently Amended) An audio processor comprising: 

a virtualizer operable to process audio information to virtualize at least one speaker so 
that, from a listener's perspective, sounds appear to come from at least one direction where a 
physical speaker is not present: 

a controller operable to configure the virtualizer, wherein the virtualizer can be 
configured to virtualize the at least one speaker at any location in a space around the listener: 
and The audio proc e ssor of Claim -4r wherein: 

the virtualizer comprises at least one first filter, one or more forward crossover paths each 
comprising a first delay line and a second filter, and two feedback crossover paths each 
comprising a second delay line and a third filter: 



at least one first filter has a frequency response P of \P\ = 



H,{0) 



at least one second filter has a frequency response F of \F\ = 



at least one third filter has a frequency response Ft of \F T \ = 



H ( {<f>) 



H c {6) 



at least one first delay line provides a delay D of D = t((p) - f(F) . and 
at least one second delay line provides a delay Dj of D T = r{9) - r(F T ) : 
wherein 6 represents an angle associated with at least one physical speaker, cp represents 
an angle associated with ax least one virtualized speaker. H\ represents a transfer function 
associated with one of the listener's ears. H c represents a transfer function associated with 
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another of the listener's ears ; t{q>) represents an inter-time difference associated with the at 
least one virtualized speaker, t{6) represents an inter-time difference associated with the at 
least one physical speaker, t(F) represents a delay associated with at least one second filter, 
and t(Fr) represents a delay associated with at least one third filter. 
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9. (Currently Amended) An audio processor, comprising: 

a virtualizer operable to process audio information to virtualize at least one speaker so 
that, from a listener's perspective, sounds appear to come from at least one direction where a 
physical speaker is not present; 

a controller operable to configure the virtualizer. wherein the virtualizer can be 

configured to virtualize the at least one speaker at any location in a space around the listener: and 
The audio processor of Claim 1, wherein: 

the virtualizer comprises two first filters, two forward crossover paths each comprising a 
first delay line and a second filter, and two feedback crossover paths each comprising a 
second delay line and a third filter; 



at least one first filter has a frequency response Ps of \P S | = 



H,{9) 



at least one second filter has a frequency response Fs of \F E \ = 



H c {<p) 



at least one third filter has a frequency response Fj of \F T \ = 



H c {6) 



at least one first delay line provides a delay Ds of D s = r(#) - r(F s ) . and 
at least one second delay line provides a delay D T of D T = t{6) - t(F T ) . 
wherein 9 represents an angle associated with two physical speakers, w represents an 
angle associated with two virtualized speakers. Hi represents a transfer function associated 
with one of the listener's ears, H c represents a transfer function associated with another of the 
listener's ears, t{cp) represents an inter -time difference associated with the two virtualized 
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speakers, t{9) represents an inter-time difference associated with the two physical speakers, 
t(F s ) represents a delay associated with at least one second filter, and t(F T ) represents a delay 
associated with at least one third filter. 

10. (Canceled). 
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1 1 . (Currently Amended) A device, comprising: 

an audio source operable to provide audio information; and 

an audio processor operable to receive the audio information and process the audio 
information to virtualize at least one speaker so that, from a listener's perspective, sounds 
appear to come from at least one direction where a physical speaker is not present, the audio 
processor being configurable to virtualize the at least one speaker at any location in a space 
around the listene r: and 

wherein the audio processor comprises: 

one or more filters operable to filter one or more input signals comprising at least a 
portion of the audio information: 

one or more forward crossover paths each operable to receive, delay, and filter an output 
from one of the filters: 

one or more first combiners operable to produce first output signals for a first physical 
speaker using one or more of: one or more of the input signals, one or more outputs from the 
filters, and one or more outputs from the forward crossover paths: 

one or more second combiners operable to produce second output signals for a second 
physical speaker using one or more of: one or more of the input signals, one or more outputs 
from the filters, and one or more outputs from the forward crossover paths: 

a first feedback crossover path operable to receive, delay, and filter the first output 
signals, the one or more second combiners further operable to produce the second output 
signals using an output from the first feedback crossover path: and 
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a second feedback crossover path operable to receive, delay, and filter the second output 
signals, the one or more first combiners further operable to produce the first output signals 
using an output from the second feedback crossover path. 



12. (Canceled) 



13. (Currently Amended) The device of Claim [[12]] TL further comprising an 
attenuator operable to attenuate additional input signals; 

wherein the one or more first combiners are further operable to produce the first output 
signals using the attenuated input signals; and 

wherein the one or more second combiners are further operable to produce the second 
output signals using the attenuated input signals. 



14. (Currently Amended) The device of Claim [[12]] VL wherein: 
each forward crossover path comprises a first delay line and a second filter; 
each feedback crossover path comprises a second delay line and a third filter; and 

the audio processor is configured by altering a frequency response of one or more of the 
filters and a delay of one or more of the delay lines. 

15. (Previously Presented) The device of Claim 11. wherein the audio processor is 
operable to virtualize five speakers using two physical speakers. 
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16. (Previously Presented) The device of Claim 11 5 wherein the audio source 
comprises at least one of a television tunes, a radio tuner, a CD reader, and a DVD reader. 

17. (Previously Presented) The device of Claim 11 5 wherein the audio source 
comprises an audio/video source operable to provide both audio and video information; and 

further comprising a video processor operable to process the video information. 



ATTORNEY DOCKET NO. 03-SIN-092 (STMIO 1-03092) 

U.S. Serial No. 10/656,453 
Patent 

18. (Previously Presented) An apparatus for virtualizing a speaker at a location in 
space, comprising: 

one or more filters operable to filter one or more input signals comprising audio 
information; 

one or more forward crossover paths each operable to receive, delay, and filter an output 
from one of the filters: 

one or more first combiners operable to produce first output signals for a first physical 
speaker using one or more of: one or more of the input signals, one or more outputs from the 
filters, and one or more outputs from the forward crossover paths; 

one or more second combiners operable to produce second output signals for a second 
physical speaker using one or more of: one or more of the input signals, one or more outputs 
from the filters, and one or more outputs from the forward crossover paths; 

a first feedback crossover path operable to receive, delay, and filter the first output 
signals, the one or more second combiners further operable to produce the second output 
signals using an output from the first feedback crossover path; and 

a second feedback crossover path operable to receive, delay, and filter the second output 
signals, the one or more first combiners further operable to produce the first outpui signals 
using an output from the second feedback crossover path. 
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19. (Previously Presented) The apparatus of Claim 18, further comprising an 
attenuator operable to attenuate additional input signals; 

wherein the one or more first combiners axe further operable to produce the first output 
signals using the attenuated input signals; and 

wherein the one or more second combiners are further operable to produce the second 
output signals using the attenuated input signals. 

20. (Previously Presented) The apparatus of Claim 1 8 ; wherein: 

each forward crossover path comprises a first delay line and a second filter; 
each feedback crossover path comprises a second delay line and a third filter; and 
the apparatus is configured by altering a frequency response of one or more of the filters 
and a delay of one or more of the delay lines. 

21. (Previously Presented) The apparatus of Claim 18. further comprising a controller 
operable to configure the apparatus. 
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22. (Previously Presented) The apparatus of Claim 21. wherein the controller is 
operable to configure the apparatus based at least partially on locations of two or more physical 
speakers and locations of the speakers being virtualized. 

23. (Previously Presented) The apparatus of Claim 18. wherein the audio processor is 
operable to virtualize five speakers using two physical speakers, the five virtualized speakers 
comprising a center speaker, two frontal speakers, and two surround sound speakers. 
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24. (Previously Presented) The apparatus of Claim 1 8, wherein: 
the one or more filters comprise at least one first filter; 

the one or more forward crossover paths each comprises a first delay line and a second 
filter; 

the feedback crossover paths each comprises a second delay line and a third filter; 
at least one first filter has a frequency response P of \P\ = 

at least one second filter has a frequency response F of \F\ 

at least one third filter has a frequency response Ft of \F T \ 

at least one first delay line provides a delay D of D = t{</)) - t(F) 5 and 
at least one second delay line provides a delay Dj of D T = t{8) - t(F T ), 
wherein 0 represents an angle associated with at least one physical speaker. <p represents 
an angle associated with at least one virtualized speaker. Hj represents a transfer function 
associated with one of the listener's ears. H c represents a transfer function associated with 
another of the listener's ears. t(w) represents an inter-time difference associated with the at 
least one virtualized speaker. r(8) represents an inter-time difference associated with the at 
least one physical speaker, t(F) represents a delay associated with at least one second filter, 
and r(Fr) represents a delay associated with at least one third filter. 



Ml 
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25. (Previously Presented) The apparatus of Claim 18. wherein: 
the one or more filters comprise two first filters; 

the one or more forward crossover paths comprise two forward crossover paths each 
comprising a first delay line and a second filter; 

the feedback crossover paths each comprises a second delay line and a third filter; 



at least one first filter has a frequency response P s of \P S \ = 



HX0) 



at least one second filter has a frequency response Fs of \F S \ = 



H C {<P) 



at least one third filter has a frequency response Ft of \F T \ = 



H c {9) 



N,{0) 



at least one first delay line provides a delay D$ of D s = t(<p) - t(F s ) . and 
at least one second delay line provides a delay Dr of D T = t(6) - t(F T ). 
wherein 9 represents an angle associated with two physical speakers, w represents an 
angle associated with two virtualized speakers. Hi represents a transfer function associated 
with one of the listener's ears, H c represents a transfer function associated with another of the 
listener's ears, t((p) represents an inter-time difference associated with the two virtualized 
speakers. t{9) represents an inter-time difference associated with the two physical speakers. 
t(Fs) represents a delay associated with at least one second filter, and r(Fr) represents a delay 
associated with ax least one third filter. 
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26. (Previously Presented) The apparatus of Claim 18, wherein: 

the one or more filters comprise a first filter, two second filters, and two third filters; 

the one or more forward crossover paths comprise two first forward crossover paths each 
comprising a first delay line and a fourth filter and two second forward crossover paths each 
comprising a second delay line and a fifth filter; 

the feedback crossover paths each comprises a second delay line and a sixth filter; 

at least one first filter has a frequency response Pc of \P C \ = 
at least one second filter has a frequency response P F of \P f 
at least one third filter has a frequency response P$ of \P S \ = 
at least one fourth filter has a frequency response Ff of \F F 
at least one fifth filter has a frequency response Fs of \F S \ = 

at least one sixth filter has a frequency response Ft of |F r | = 

at least one first delay line provides a delay Dp of D F = t(a>) - r(F F ). 
at least one second delay line provides a delay D$ of D s = t{<j>) -t(F s ) . and 
at least one third delay line provides a delay Dj of D T = t{8) - t(F T )l 
wherein 6 represents an angle associated with two physical speakers, cp represents an 
angle associated with two first virtualized speakers, co represents an angle associated with 
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two second virtualized speakers, Hi represents a transfer function associated with one of the 
listener's ears, H c represents a transfer function associated with another of the listener's ears, 
t(w) represents an inter-time difference associated with the two first virtualized speakers, t(o) 
represents an inter-time difference associated with the two second virtualized speakers, t{6) 
represents an inter-time difference associated with the two physical speakers, t{F F ) represents 
a delay associated with at least one fourth filter, t(Fs) represents a delay associated with at 
least one fifth filter, and t(F T ) represents a delay associated with at least one sixth filter. 
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27. (Currently Amended) A method, comprising: 
generating first output signals for a first physical speaker: aed 
generating second output signals for a second physical speaker; 
filtering one or more input signals to produce one or more filtered input signals: 
providing one or more of the filtered input signals to one or more forward crossover 
paths: and 

generating the first and second output signals using one or more of: one or more of the 
input signals, one or more of the filtered input signals, and one or more outputs from the 
forward crossover paths: 

providing the second output signals to a first feedback crossover path operable to receive, 
delay, and filter the second output signals: and 

providing the first output signals to a second feedback crossover path operable to receive, 
delay, and filter the first output signals: 

wherein generating the first output signals further comprises using an output from the 
second feedback crossover path: 

wherein generating the second output signals further comprises using an output from the 
first feedback crossover path: and 

wherein the first output signals emulate effects of a virtual speaker on one ear of a 
listener, the second output signals emulate effects of the virtual speaker on another ear of the 
listener, and each of the output signals at least partially cancels crosstalk caused by the other 
output signals. 
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28.-29. (Canceled). 

30. (Currently Amended) The method of Claim [[27]] 32, wherein the first and 
second output signals emulate the effects of multiple virtual speakers on the ears of the 
listener. 

31. (Currently Amended) The method of Claim [[27]] 32, wherein the first and 
second output signals emulate the effects of multiple virtual speakers at any locations in a 
space around the listener. 
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32. (Currently Amended) A method comprising: 

generating first output signals for a first physical speaker; 

generating second output signals for a second physical speaker; 
The method of Claim 3 1 , wher ein^ 

wherein the first and second output signals are produced using one or more first filters, 
one or more forward crossover paths each comprising a first delay line and a second filter, 
and two feedback crossover paths each comprising a second delay line and a third filter; and 

further comprising altering a frequency response of one or more of the filters and a delay 
of one or more of the delay lines to change the location of one or more of the virtualized 
speakers. 
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REMARKS 

Claims 1-32 are pending in the application. 
Claims 18-26 have been allowed. 

Claims 1, 11. 15-17 5 27-28 and 30-31 have been rejected. 
Claims 2-6 5 7-10, 12-14 and 29-32 have been objected to. 

Claims 2 3 3 5 7. 8, 9. 11. 13. 14, 27, 30, 31 and 32 have been amended, as set forth herein. 
Claims 1, 10, 28 and 29 have been canceled, without prejudice. 

I. ALLOWED AND ALLOWABLE CLAIMS 

Applicant thanks the Examiner for the indication that Claims 18-26 are allowed and that 
Claims 2-6, 7-10, 12-14 and 29-32 would be allowable of rewritten in independent form 
including all of the limitations of the base claim and any interv ening claims. 

Claim 1 has been canceled, without prejudice. 

Claims 2 and 3 have been rewritten as independent claims. 

Claims 7, 8 and 9 have been rewritten as independent claims. 

Claim 10 has been canceled, without prejudice. 

Independent Claim 1 1 has been amended to include the limitations of objected to Claim 

12. 

Claims 13 and 14 have been amended to depend from amended independent Claim 11. 
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Independent Claim 27 has been amended to include the limitations of objected to Claims 
28 and 29. 

Claim 32 has been rewritten as an independent claim, however, without the intervening 
limitation set forth in Claim 31. 

Claims 30 and 31 have been amended to depend from now independent Claim 32. 

n. REJECTIONS UNDER 35 U.S.C. $ 102 

Claims L 11. 16 and 17 were rejected under 35 U.S.C. § 102(e) as being anticipated by 
Hashimoto (US Patent Application Publication No. 2004/0032955). Claims 27-28 and 30-31 
were rejected under 35 U.S.C. § 102(e) as being anticipated by Sotome (US Patent Application 
Publication No. 2003/0086572). The rejection is respectfully traversed. 

A cited prior art reference anticipates the claimed invention under 35 U.S.C. § 102 only if 
every element of a claimed invention is identically shown in that single reference, arranged as 
they are in the claims. MPEP § 2131; In re Bond, 910 F.2d 831, 832 ; 15 U,S.P.Q.2d 1566 ; 1567 
(Fed. Cir. 1990). Anticipation is only shown where each and every limitation of the claimed 
invention is found in a single cited prior art reference. MPEP § 2131; in re Donohue, 766 F.2d 
531, 534 ; 226 U.S.P.Q. 619, 621 (Fed. Cir. 1985). 

As noted above, independent Claim 1 has been canceled, without prejudice. 

As noted above, independent Claim 1 1 has been amended to include the limitations set 
forth in dependent Claim 12 (allowable). Claims 16 and 17 depend from independent Claim 1 1. 
Therefore. Claims 11.16 and 1 7 are now allowable. 
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As noted above, independent Claim 27 has been amended to include the limitations set 
forth in dependent Claims 28 and 29 (allowable). Therefore, Claim 27 is now allowable, and 
Claims 28 and 29 have been canceled. 

As noted above. Claim 32 has been rewritten in independent form, except without adding 
the limitations of Claim 31; and Claims 30 and 31 have been amended to depend from 
independent Claim 32. Applicant respectfully submits that Claims 30, 31 and 32 are allowable. 

Accordingly, the Applicant respectfully requests the Examiner withdraw the § 102(e) 
rejection of Claims 1, 11, 16, 17, 27-28 and 30-31. 

III. REJECTION UNDER 35 U.S.C. 5 103 

Claim 15 was rejected under 35 U.S.C. § 103(a) as being unpatentable over Hashimoto 
(US Patent Application Publication No. 2004/0032955) in view of Abel (US Patent No.. 
6,668.061). The rejection is respectfully traversed. 

As noted above, independent Claim 1 1 has been amended to include the limitations set 

forth in dependent Claim 12 (allowable). Claim 15 depends from independent Claim 11. 

i 

Therefore, Claim 15 is now allowable. 

Accordingly, the Applicant respectfully requests withdrawal of the § 103(a) rejection of 
Claim 15. 
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IV. CONCLUSION 

As a result of the foregoing, the Applicant asserts that the remaining Claims in the 
Application are in condition for allowance, and respectfully requests an early allowance of such 
Claims. 
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If any issues arise, or if the Examiner has any suggestions for expediting allowance of 
this Application, the Applicant respectfully invites the Examiner to contact the undersigned at 
the telephone number indicated below or at wmunck@munckbutrus.com. 

The Commissioner is hereby authorized to charge any additional fees connected with this 
communication or credit any overpayment to Munck Butrus Deposit Account No. 50-0208. 



Date: fW J 3 , £oc>7 



P.O. Box 802432 
Dallas, Texas 75380 
(972) 628-3632 (direct dial) 
(972) 628-3600 (main number) 
(972) 628-36 16 (fax) 
E-mail: Mnnunck@munckbutrus.com 



Respectfully submitted. 
Munck Butrus Carter, P.C. 
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